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Abstrat
The total ross-setions measured at LEP for e
+
e
−
annihilation into τ
+
τ
−
, cc¯
and bb¯ at 2E ≃ 200 GeV are used to derive the upper limits 3 · 10−17, 5 · 10−17,
2 · 10−17 e·m for the eletri dipole moments and 4 · 10−17, 7 · 10−17, 2.5 · 10−17
e·m for the weak dipole moments of the τ -lepton, c-, and b-quarks, respetively.
Some of the existing limits on these moments are improved and for the b-quark the
improvement is rather signiant.
1. Theory
The existene of the eletri dipole moment (EDM) d and weak dipole moment (WDM)
dw would imply CP violation. Sine the expeted values of d and dw in the Standard
Model (SM) are extremely small the measurement of signiantly larger values would be
evidene for physis beyond the SM.
In this paper we onsider the reation of the high-energy eletron-positron annihilation
into fermions supposing that the nal partiles have the EDM d and WDM dw (see the
orresponding Feynman graphs at tree level in Fig. 1).
(a) (b)
Figure 1: (a) the diagrams with the regular verties;
(b) the diagrams with the dipole moments verties
The nal fermions ould be both leptons and quarks (if the quark-antiquark pair pro-
dution ours far above the threshold and interation between them may be negleted).
The eetive Lagrangian desribing interation of the EDM with the eletromagneti
eld and the WDM with the Z-boson eld is
Leff = −
1
2
ψ¯γ5σ
µνψ(dFµν + d
wFZµν), (1)
where γ5 = −iγ0γ1γ2γ3 =
(
0 −I
−I 0
)
, σµν = 1
2
(γµγν − γνγµ).
The EDM and WDM are supposed to have no imaginary parts, sine the latter would
violate not only CPT invariane, but also Hermitian harater of the Lagrangian.
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Fermions in the reation e+e− → f f¯ are produed in triplet states if the prodution
mehanism is regular:
3S1 and
3D1 if the vertex is a vetor γµ, or
3P1 if the vertex is
an axial one γ5γµ. However, if produed via the CP -odd eletri or weak dipole moment
vertex dγ5σµνqν or d
wγ5σµνqν , the fermions will be in the singlet state
1P1. Therefore, if
polarization of the nal partiles is not taken into aount the dipole moment verties do
not interfere with the regular ones, and hene their ontribution to the ross-setion is of
seond order in the dipole moments.
Considering the reation in the entre-of-mass system assuming unpolarized eletron
and positron beams, negleting the eletron mass and summing over polarization of the
nal partiles we obtain the following expressions of the squared matrix elements M2d ,
M2dw and the interferene term M
2
ddw :
M2d = 4e
2d2E2
(
1−
m2f
E2
)
sin2 θ, (2)
M2dw =
16e2(dw)2
sin2 θW cos2 θW
E4
(
E2 −m2f
)
(4E2 −m2Z)
2
+m2ZΓ
2
Z
(
V 2e + A
2
e
)
sin2 θ, (3)
M2ddw = −
16e2ddw
sin θW cos θW
E2
(
E2 −m2f
)
(4E2 −m2Z)
(4E2 −m2Z)
2
+m2ZΓ
2
Z
Ve sin
2 θ, (4)
where E is the beam energy, Ve = −
1
2
+ 2 sin2 θW , Ae = −
1
2
.
The total ross-setion of the proess e+e− → f f¯ looks as follows:
σ = σSM +
1
32pi
1
4E2
√
1−
m2f
E2
Nc
∫ (
M2d +M
2
dw +M
2
ddw
)
d(cos θ), (5)
where Nc = 1 if the nal partiles are leptons and Nc = 3 for quarks.
The interferene term M2ddw is numerially suppressed due to smallness of Ve.
2. Analysis of experimental data
Sine the relative ontribution of the M2d and M
2
dw terms grows with energy, the best
limits an be obtained from the highest energy experiments. Therefore, we use the LEP-II
measurements of the two-fermion nal states ombined by LEPEWWG [1℄ in order to set
the limits. The integrated luminosity amounts to about 670 pb−1 per experiment olleted
at entre-of-mass energies between 183 and 207 GeV.
The measured values and the SM preditions of e+e− → τ+τ− ross-setions were
obtained from Table 3.2 of Ref. [1℄. The measured values and the SM preditions of
e+e− → cc¯ and e+e− → bb¯ ross-setions were obtained as a ombination of e+e− → qq¯
ones (Table 3.2 of Ref. [1℄) and Rc- and Rb-frations of the cc¯ and bb¯ among the qq¯
nal states (Tables 3.9, 3.10 of Ref. [1℄). The errors of the cc¯ and bb¯ ross-setions are
dominated by the unertainties of Rc and Rb, respetively.
The measured ross setions oinide within errors with the SM preditions. The χ2
ts of residuals by the seond term in Formula (5) with non-zero d- or dw-terms yield the
95% CL limits 3 · 10−17, 5 · 10−17, 2 · 10−17 e·m for the eletri and 4 · 10−17, 7 · 10−17,
2.5·10−17 e·m for the weak dipole moments of the τ -lepton, c-, and b-quarks, respetively.
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Table 1: Comparison of our results with the previous ones
Previous limits (e·m) Our limits (e·m)
dτ < 1.4 · 10
−16
[2℄,
−2.2 < Re(dτ ) < 4.5 (10
−17
) and
−2.5 < Im(dτ ) < 0.8 (10
−17
) [3℄,
dτ < 1.1 · 10
−17
[4℄ dτ < 3 · 10
−17
dc < 8.9 · 10
−17
[6℄ dc < 5 · 10
−17
db < 8.9 · 10
−17
[6℄ db < 2 · 10
−17
|Re(dwτ )| < 5.0 · 10
−18
and
|Im(dwτ )| < 1.1 · 10
−17
[7℄,
−3.56 < Re(dwτ ) < 2.26 (10
−18
) and
−0.69 < Im(dwτ ) < 0.77 (10
−17
) [8℄ dwτ < 4 · 10
−17
dwc < 5.7 · 10
−17
[9℄ dwc < 7 · 10
−17
dwb < 6.0 · 10
−16
[9℄ dwb < 2.5 · 10
−17
3. Disussion
Now we briey ompare our results with other ones. For the τ -lepton the upper limit
dτ < 1.4 · 10
−16 e·m was obtained from the analysis of angular distribution of the
tau pairs in the e+e− → τ+τ− reation at 2E ≃ 35 GeV [2℄. The best diret ex-
perimental restritions on the τ EDM are −2.2 < Re(dτ ) < 4.5 (10
−17 e·m) and
−2.5 < Im(dτ ) < 0.8 (10
−17 e·m) [3℄. The result was obtained in the e+e− → τ+τ−
reation at 2E ≃ 10 GeV using a tehnique whih takes into aount τ polarization.
The even better upper limit dτ < 1.1 · 10
−17 e·m was obtained from the partial width
Γ(Z → τ+τ−) measured at LEP in Z peak [4℄. However, a model dependent relation-
ship between the weak and eletri dipole moments is used. Quite reently upper limit
dτ < (1± 1) · 10
−16 e·m at momenta about mτ ∼ 1  2 GeV have been derived from the
preision measurements of the eletron EDM [5℄.
For the c- and b-quarks the limits dc < 8.9 · 10
−17 e·m and db < 8.9 · 10
−17 e·m were
obtained from measurements at the Z peak [6℄ with model assumptions similar to Ref. [4℄.
For the τ -lepton the upper limits |Re(dwτ )| < 5.0 · 10
−18 e·m, |Im(dwτ )| < 1.1 · 10
−17
e·m were obtained from the reation e+e− → τ+τ− at energies near the Z resonane [7℄.
The results ombining ALEPH, DELPHI and OPAL data lead to −3.56 < Re(dwτ ) < 2.26
(10−18 e·m) and −0.69 < Im(dwτ ) < 0.77 (10
−17 e·m) [8℄.
The bounds on dwc and d
w
b were obtained from the deays Z → cc¯, Z → bb¯ and they
are dwc < 5.7 · 10
−17 e·m, dwb < 6.0 · 10
−16 e·m [9℄.
Thus, the upper limits obtained from the ontribution of the EDM to the total ross
setion of f f¯ -prodution at LEP-II energy are similar to the best diret experimental
limits for dτ and are somewhat tighter for dc and db.
Our upper limit on the τ WDM is worse than ones in Refs. [7, 8℄ beause the analysis
therein used a tehnique whih takes τ polarization into aount. For the c quark our
bound on the WDM is similar to and for the b is better than ones in Ref. [9℄.
For onveniene we present a omparison of our results with the previous ones in
Table 1.
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